ABSTRACT. AKT1, also known as v-akt murine thymoma viral oncogene homolog 1, is involved in the regulation of cell-survival and anti-apoptotic activities, which may affect the pathogenesis of various cancers. However, the association between genetic variants of AKT1 and the risk of developing prostate cancer has not been investigated before. This study investigated the associations between three polymorphisms (rs1130214, rs3730358, and rs2494732) in AKT1 and the risk of development of prostate cancer in the Chinese Han population. Sequenom MassARRAY & iPLEX technology were used to genotype these polymorphisms in 493 Chinese Han patients with prostate cancer and 309 age-matched healthy individuals. Compared to the CC genotype of the rs3730358 polymorphism, the CT genotype of the same polymorphism was strongly associated with a decreased risk of prostate cancer (OR = 0.617, 95%CI = 0.390-0.976, P = 0.037). However, there was no significant difference between the allele frequency of the rs3730358 polymorphism and those of the other two polymorphisms (P > 0.05). Moreover, no significant difference was found in the haplotype analysis (P > 0.05). Our study found that the variant genotype CT of rs3730358 of AKT1 was associated with a decreased risk of prostate cancer, which suggested that this polymorphism could play an important role in the development of the disease.
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INTRODUCTION
Prostate cancer (PC) is one of the commonest male malignancies, which accounted for 27% of new cancer cases and 10% of cancer-related deaths in 2014 (Society American Cancer, 2014) . Additionally, PC is a highly heterogeneous disease with insufficient understanding of its pathogenesis. Genetic factors, as well as lifestyle, exposure to sunlight, alcoholism, and environmental factors are closely related to prostate carcinogenesis. However, the genetic factors that contribute towards the pathogenesis of PC are still unclear. Recently, several genetic variations have been implicated in increasing the risk of PC. For instance, previous studies have demonstrated that toll-like receptors (TLRs), specifically TLR subclass 2 (TLR2), TLR4, and TLR9, may contribute to PC pathogenesis by stimulating prostate epithelial cell proliferation in response to infectious stimuli (Kundu et al., 2008; Mandal et al., 2012) . Additionally, Murphy et al. (2012) found an association of 8q24 variants with risk of PC in Nigerian and Cameroonian men.
AKT (protein kinase B) is a 58 kDa serine-threonine kinase whose phosphorylated form (p-AKT) is highly active in many malignancies (Tokunaga et al., 2006; Shimizu et al., 2007; Rychahou et al., 2008) . AKT1 (RAC-alpha serine-threonine protein kinase), a subtype of AKT, has been shown to play an important role in the regulation of cell survival and in anti-apoptotic activities (Ahmed et al., 1997; Cardone et al., 1998; Niquet and Wasterlain, 2004; Vandermoere et al., 2005) , which may contribute to the development of several diseases, including cancer. Interestingly, AKT1 is overexpressed in PC tissues and is related to the progression of PC and the recurrence of prostate-specific antigen (PSA) (Ayala et al., 2004; Le Page et al., 2006) .
The differential expression of AKT1, which includes changes in both protein levels and conformation, may be explained by the presence of single nucleotide polymorphisms (SNPs) within the gene. Recently, it has been reported that several SNPs in AKT1 are associated with the risk of developing various cancers. For example, rs2494750 in AKT1 showed significantly altered risk for PC-specific mortality (Karyadi et al., 2015) . Polymorphisms rs3803300, rs1130214, and rs2494732 in AKT1 were significantly associated with the survival of patients in the early stage of non-small cell lung cancer (Kim et al., 2012) , whereas polymorphisms rs1130214 and rs3803300 were related to susceptibility to oral squamous cell carcinoma (Wang et al., 2015) . However, there is still no systematic research about the association between SNPs in AKT1 and the risk of development of PC. Therefore, the aim of the present study was to investigate the relationship between AKT1 SNPs and pathogenesis of PC in a cohort of Chinese Han individuals.
MATERIAL AND METHODS

Selection of SNPs
We selected tagging SNPs from a 5 kb region flanking the gene and within the gene body of AKT1 by using the tagger algorithm. Tagging SNPs were identified by using a cutoff value of R 2 = 0.8 and a minor allele frequency greater than 0.1 in the Chinese population based on the genotype data of the HapMap Project (www.hapmap.org) from the Centre d'Etude du Polymorphisme Humain. Other SNPs previously reported to be associated with the risk of developing PC were also included. A total of 5 SNPs (rs3803300, rs1130214, rs3730358, rs2498799, and rs2494732), including the haplotype-tagging SNPs and potential functional SNPs, were selected for genotyping. However, rs3803300 and rs2498799 had to be abandoned because of the lack of appropriate polymerase chain reaction (PCR) conditions. Correspondingly, polymorphisms rs1130214, rs3730358, and rs2494732 were selected for this study.
Study subjects
This study included a total of 493 patients with PC and 309 age-matched healthy male individuals (control). All patients with PC had been evaluated by prostate biopsy according to the Guidelines on Prostate Cancer of the European Association of Urology in the Department of Urology, West China Hospital, Sichuan University, from March 2008 to January 2015 (Heidenreich et al., 2011) . The inclusion criteria for individuals in the control group were: 1) normal serum concentration of PSA, 2) normal digital rectal examination (DRE), 3) no family history of PC, and 4) absence of other tumors. The clinical data of PC patients was extracted, which included age, occupation, dietary structure, family history of PC, clinical stage of PC, and associated complications. One milliliter of peripheral blood was drawn from both the patients and the control individuals and stored at -80°C prior to use. All the patients permitted the use of clinical information and blood samples for scientific research. The protocols were approved by the ethics committees of West China Hospital and all the participants provided written informed consent.
Genotyping
DNA was isolated from peripheral blood using the QIAamp DNA extraction kit (Qiagen, Germantown, MD, USA) by following the manufacturer's instructions. The DNA concentration was adjusted to 50 ng/µL and stored at -80°C. Genotyping assay was conducted by iPLEX TM on the MassARRAY ® platform of Sequenom (Sequenom, San Diego, Amercia). Primers for detecting the three SNPs were designed using the Genotyping Tools & MassARRAY Assay Design software (Bo'ao, Beijing, China). Multiplex PCR technology was used for PCR amplification in a 384-well plate. After the PCR amplification, free dNTPs in the reaction were removed by treatment with shrimp alkaline phosphatase, following which, the PCR products were extended by a single base (single base extension or SBE) using the single base primer. The iPLEX assay coupled with matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF) identified the different iPLEX products of varying molecular weights extended by different bases at the SNP sites. Finally, information of the three SNPs was obtained. Table 1 lists the three SNP primer sequences that were used for PCR amplification and the iPLEX assay. 
Statistical analysis
Statistical analysis was performed using the SPSS software (version 19.0; SPSS Inc., Chicago, IL, USA). A student's t-test was used to compare the differences in baseline data between the patients and control individuals, such as age. Pearson chi-square test was done to estimate the association between polymorphisms and the risk of developing PC. To evaluate the strength of this association, odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. Hardy-Weinberg equilibrium and haplotype analysis were tested by the SHEsis software (Shi and He, 2005; Li et al., 2009 ). All P values were two-sided, and P values < 0.05 were considered as statistically significant.
RESULTS
Demographic characteristics
The demographic characteristics of patients with PC and control individuals are shown in Table 2 . There was no significant difference in age distribution between patients and control individuals (P = 0.34), whose median ages (SD) were 69.94 (9.11) and 70.41 (9.06) years, respectively. With respect to the clinical stages of the disease, the number of patients in grade II [187 (37.93%)] and grade III [173 (35.09%)] were higher than those in grade IV [122 (24.75%)]. Few patients were diagnosed to have grade I PC [11 (2.23%)] in this study.
Genotypic and allele frequencies of AKT1 and the risk of PC
The results obtained from the determination of the genotype and allele frequencies of AKT1 are listed in Table 3 . The genotype frequencies of the polymorphisms rs1130214 and rs2494732 in the control individuals were in Hardy-Weinberg equilibrium (rs1130214: χ 2 = 0.868, P = 0.351; rs2494732: χ 2 = 0.051, P = 0.822). However, the genotype distribution of the polymorphism rs3730358 in control individuals was not in Hardy-Weinberg equilibrium (χ 2 = 8.546, P = 0.003). Interestingly, the genotype distribution of rs3730358 exhibited a significant difference between patients and controls. Compared with the CC genotype, the CT genotype was strongly associated with a decreased risk of PC (OR = 0.617; 95%CI = 0.390, 0.976; P = 0.037). However, the allele frequency of rs3730358 was not significantly different between the patients and the controls (P > 0.05). For the remaining two SNPs, the genotype and allele frequencies did not differ significantly between the patient and the control groups (P > 0.05). 
Haplotype analysis
The association of AKT1 SNPs with PC was further analyzed with the Haploview program. Frequencies of these haplotypes are listed in Table 4 . The sequence of the SNP loci presented in Table 4 is in the order of rs1130214, rs3730358, and rs2494732. The frequencies of the 4 haplotypes (GCC, GCT, GTC, TCC) did not show significant difference between the patient and controls groups (P > 0.05), while the remaining 4 haplotypes did not meet the requirements for the analysis. 
DISCUSSION
In this study, 802 individuals of the Chinese Han population were included to investigate the correlation between three SNPs (rs1130214, rs3730358, and rs2494732) of AKT1 and the risk of developing PC. We found that variant genotype CT of rs3730358 was closely associated with a decreased susceptibility to PC. However, no relationship existed between rs1130214 or rs2494732 and the risk of developing PC. Our findings suggested that rs3730358 of AKT1 could play a role in the development of PC and might be used as a potential predictive target for patients with PC in the Chinese Han population. To our knowledge, this is the first study to identify the correlation between SNPs of AKT1 and the development of PC.
AKT1 is located on chromosome 14q32.32 and consists of 14 exons. AKT1 can be activated by the integrin-linked kinase (ILK) with the assistance of the phosphatidylinositol 3-kinase (PI3K) and the phosphatidylinositol-dependent protein kinase (PDK) via the ILK/ PI3K/AKT pathway. Numerous studies have shown that the ILK/PI3K/AKT pathway is related to the regulation of cell-survival and anti-apoptotic activities through phosphorylation of Bad, Caspase-9, NF-κB, and c-Myc, by AKT1 (Ahmed et al., 1997; Cardone et al., 1998; Niquet and Wasterlain, 2004; Vandermoere et al., 2005) . Thereafter, several studies were conducted to explore the association between AKT1 and cancer pathogenesis in recent years. SNPs are the most predominant genetic variations that are found in AKT1. Certain AKT1 SNPs were reported to be associated with cancer development. rs1130214 and rs2494732 were found to be nominally associated with the risk of developing PC in Caucasians and significantly associated with survival outcomes of patients in the early stages of non-small cell lung cancer in Korea (Kwon et al., 2011; Kim et al., 2012) . rs3730358 has been shown to be involved in the modification of cancer risk in women with mutant BRCA1/2 alleles (Ortiz-Cuaran et al., 2013) . However, the association between SNPs on AKT1 and the risk of developing PC in the Chinese population has not been explored so far.
We found significant difference for rs3730358 between patients and control individuals. However, the relationship between rs1130214 or rs2494732 and the risk of developing PC did not exist in the Chinese Han population. Similarly, Zhang et al. (2014) also did not find any association between these two SNPs and the risk of developing nasopharyngeal carcinoma in the Chinese population through a case-control study consisting of 593 cases and 480 controls. Andreassen et al. (2013) obtained negative results upon investigating the association of seven AKT1 SNPs (excluding rs1130214, rs3730358, and rs2494732) with the progression of testicular germ cell tumors in a large population of Norwegian-Swedish patients. rs3730358 and rs2494732 were also not related to the pathogenesis of oral squamous cell carcinoma in Chinese people (Wang et al., 2015) . However, a population-based case-control study including 
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1458 cases and 1351 controls conducted in Washington indicated that both rs1130214 and rs2494732 were considered to be related to PC risk in Caucasians (Kwon et al., 2011) . The differences in the results could be attributed to the ethnic differences of the participants in our study and that by Kwon et al. More studies are required to confirm the relationship between these SNPs of AKT1 and the risk of PC in different races. The SNP rs3730358 is located in the intron of AKT1. Although the significance of SNPs in introns is not understood, several recent studies have shown the role of intron polymorphisms in linkage disequilibrium, with certain functional polymorphisms or genetic transcriptions associated with the risk of developing cancer or other diseases (Ortiz-Cuaran et al., 2013) . Our study indicates that the variant allele T or the homozygous variant genotype (CT) of the intron SNP rs3730358 in AKT1 might also affect specific functional polymorphisms or transcription that are associated with susceptibility to PC.
Single nucleotide polymorphism includes single base conversions, transversions, insertions, and deletions. Therefore, we hypothesized that the formation of CT and TT genotypes involved different mechanisms. The SNP is located in an intron, and therefore, insertion or deletion of a single base may perturb the sequences of intron-exon splice junctions in patients harboring the CT genotype, which subsequently may affect splicing and translation of RNA, resulting in an altered susceptibility to PC. The TT genotype might arise due to spontaneous deamination of a methylated C to a T, without altering the neighboring DNA sequence. In the latter case, splicing of the intron during RNA maturation would not change the arrangement of codons, thus not affecting the susceptibility to PC. Another explanation for the lack of any relationship between the TT genotype and susceptibility to PC is that the TT genotype is scarce in the Chinese population and the small sample size of this study was insufficient to detect any significant difference. Research on large number of samples on a nation-wide multi-center scale may help to verify these results in the future.
AKT1 expression might be regulated by the intron variant of SNP rs3730358, which could consequently affect the level of the mRNA and the protein. In this study, we found that the genotype distribution of polymorphism rs3730358 in control individuals did not follow the Hardy-Weinberg equilibrium. However, several factors, including selection bias, population stratification, and genotyping errors, could influence the Hardy-Weinberg disequilibrium. A non-significant result pertaining to the Hardy-Weinberg equilibrium is equivalent to results that do not reject the equilibrium assumption. Therefore, definite conclusions about rs3730358 and whether it follows the Hardy-Weinberg equilibrium are difficult to make. In addition, it is difficult to assume Hardy-Weinberg equilibrium in populations. Deviations from the HardyWeinberg equilibrium demonstrate that one or more of the assumptions are invalid, which may not influence the result of the final association analysis (Schaid and Jacobsen, 1999) . Therefore, the development of PC might be influenced by these factors. However, until now the precise mechanism by which the intron variant SNP rs3730358 decreases the risk of PC is unclear. More studies focused on the function of this SNP are required to confirm our results.
A further analysis was performed to explore the impact of the haplotypes on susceptibility to PC. In the haplotype analysis, we found that the 8 haplotypes (GCC, GCT, GTC, TCC, GTT, TCT, TTC, and TTT) might not contribute to the risk of developing PC in the Chinese Han population (in the order of rs1130214, rs3730358, and rs2494732). However, several studies have demonstrated that the haplotype of the polymorphisms selected in this study were associated with susceptibility to various diseases, probably due to altered expression of AKT1. Emamian et al. (2004) found that lower levels of AKT1 in EBV-transformed lymphocytes were related to the haplotypes of rs1130214 and rs3730358 in American patients of northern European descent with schizophrenia.
However, this study has certain limitations. Firstly, patients and control individuals were recruited from different populations -the patients were admitted to the hospital for treatment of PC, whereas the control individuals visited the hospital for other examinations. As a result, there could be inevitable selection bias. In order to minimize this limitation, patients and control individuals were matched according to their age. Moreover, to overcome the impact of inadequate matching, data was carefully adjusted and stratified. Secondly, as a small number of patients with the low-risk genotype group were included in this study, additional studies with larger sample sizes should be performed to confirm our results. Thirdly, patients and control individuals recruited in this study were mainly from the southwest of China, which might not represent all the characteristics of the Chinese Han population. Therefore, further studies that investigate the association between polymorphisms in this gene and susceptibility to PC should recruit patients and control individuals from various districts of China.
In conclusion, our study found that the variant AKT1 genotype CT of rs3730358 was associated with a decreased risk of PC. Conversely, no correlation was found between polymorphisms rs1130214 and rs2494732 and susceptibility to PC. These results suggest that rs3730358 of AKT1 could play a role in the development of PC. However, further studies are required to confirm and replicate our findings, especially in multiple ethnic populations. Furthermore, research about the effect of additional AKT1 SNPs on PC and their mechanisms of action that affect PC progression are also required.
